This paper examines how inability to perform activities of daily living relates to the risk of nursing home admission over older adults' life courses. Using longitudinal data on persons over age 50 from the Health and Retirement Study, we show that aging one year boosts the probability of having two or more disabilities by 9 to 12 percent in a multivariate logistic model. Moreover, at least three-fifths of all 65-year-old men and three-quarters of women will experience disability levels during their remaining lifetimes severe enough to trigger nursing home admission. Our analysis also suggests that certain types of disability are more important than others in predicting nursing home admittance and use, which has implications for the design and benefit triggers for long-term care insurance programs.
insurance program (called "ElderShield") in Singapore pays out cash benefits only if a person has difficulty in performing at least three ADLs. 2 This paper examines the interaction between ADL disabilities among U.S. older adults and the risk of nursing home admittance. First, we evaluate the proportion of older individuals that meets the two-plus, or a stricter three-plus, ADL benefit trigger commonly set by insurers.
Trends in functional disability over the life course provide insights as to when the elderly are most likely to suffer from ADL disability levels that potentially trigger nursing home use (and may qualify them for LTC insurance benefits). Further, our emphasis on life-cycle ADL prevalence rates complements prior studies examining how functional disability has changed over time and across cohorts in the U.S. We also assess prevalence rates for six specific ADL types. Second, we quantify the impact of ADL disabilities on the risk of eventual nursing home admission using a duration model that takes into account the competing risk of death. Of interest is not only how the risk of institutionalization varies with the number of ADL disabilities, but also with each of the specific ADL types. In the same vein, we explore whether some ADLs are better predictors of length of time in a nursing home until death, compared to others.
A key contribution of this paper is that we determine the relative importance of six basic activities of daily living in predicting nursing home admittance and use. In many countries, the "benefit triggers" used in LTC insurance programs implicitly assume that the six ADLs deserve equal weighting or importance in driving the demand for nursing home care, but this is not necessarily accurate. Some medical studies, for instance, suggest that there may be a hierarchical structure to the order in which loss of ability in ADL items occurs. For example, Katz et al. (1963) report that older persons lose the ability to bathe independently first, followed by dressing, toileting, transferring, continence, and eating, in that order. Later research finds broadly similar results: bathing and walking are among the first activities with which older adults have difficulty and eating is the last (e.g. Dunlop et al., 1997; Jagger et al., 2001; Kingston et al., 2012) . 3 If so, then we might anticipate that certain ADLs will be better predictors than others of nursing home admittance outcomes. Accordingly, it is valuable to distinguish the relative importance of each ADL disability and evaluate how this ordering relates to the pattern by which older people lose functional capacity.
A large body of research focuses on how age-adjusted chronic disability among older Americans has changed over time and across cohorts. Most analysts agree that, for adults age 65+, there have been improvements in many measures of late-life functioning (see e.g., Cutler, 2001; Crimmins, 2004; Freedman et al., 2004; Manton, Gu, & Lamb, 2006) . Health and functioning measures analyzed include chronic health conditions (e.g. diabetes, cancer), impairments (represented by physical functional limitations like climbing stairs, stooping, etc.), ADLs, and instrumental activities of daily living (IADLs) such as shopping for groceries. This decline in late-life chronic disability among older Americans has important implications for the long-term care insurance market. In particular, it could be part of the reason why the U.S. private LTC insurance market is so small. 4 Our analysis aims to contribute to this debate by reviewing ADL disabilities among the elderly vis-à-vis the reimbursement eligibility or level of care criterion currently used by insurers. In particular, there could be age-specific or sex-specific 3 The inventory of ADLs varies across surveys and over time. Notably, 'walking' is typically listed as an ADL item instead of 'continence' in most surveys such as the National Health and Nutrition Examination Survey (NHANES). Continence may still be evaluated within the survey but not as an ADL item. 4 For example, Brown and Finkelstein (2007) report that only 10% of the elderly in U.S. has some form of private LTC insurance. In addition, Brown and Finkelstein (2009) suggest some demand-and supply-side factors rationalizing the small size of the private LTC insurance market, such as high premiums and loads, limited consumer knowledge, and potential substitutes for private formal insurance. differences in the specific ADL types, which may help LTC insurers define potential markets of policy purchasers and thus promote growth in the private LTC insurance markets.
In what follows, we first review current criteria for admittance to nursing home facilities in the U.S., as well as reimbursement eligibility under private and public LTC insurance programs. We then examine the prevalence of ADL disabilities using a longitudinal panel data set of older adults in the U.S. Health and Retirement Study, and we quantify the probability of older individuals ever developing two-plus ADL disabilities over their lifetimes.
Nursing Homes and Eligibility for Long-term Care
Nursing home facilities cater to individuals who are ill, frail, and elderly, and who require nursing care or protective supervision. Such residential facilities -offered by public institutions or private providers -provide various levels of care that can range from custodial to skilled nursing delivered by trained professionals to assist persons with physical, emotional or mental impairments. These also encompass long-term hospitals, nursing facilities, intermediate care facilities, and other residential care facilities. In the U.S. and many other countries, nursing homes must be licensed and certified by state and federal government agencies. Long-term institutionalization is typically defined as stays in a nursing facility for 30 consecutive days or more (Friedman et al., 2005) . By contrast, short-term stays such as those for persons seeking temporary respite and hospice care are not considered to be institutionalization, inasmuch as they do not amount to extended durations.
Since institutional care is expensive, individuals who require long-term stays in nursing homes often also rely on financial reimbursements from public or private sources to help cover the care costs of nursing facilities. Medicaid, a U.S. federal-state health insurance program for the indigent, is the primary source of public funds for long-term care expenditures and reimburses approximately 35% of LTC expenditures for all elderly (CBO, 2004) . 5 A considerable US$106 billion was spent by Medicaid on LTC services for elderly and disabled individuals in 2008 (Deloitte, 2010) ; moreover, the rate of growth of such expenditures is projected to rise at 7.5% annually (Truffer et al., 2010) .
Because Medicaid is a means-tested program intended to provide assistance to persons who are unable to afford necessary medical and health-related services, there are stringent asset and income eligibility criteria. Aged and/or disabled individuals are also assessed in terms of whether they are eligible for Medicare-paid long-term care services. The specific measures used to determine an applicant's eligibility for long-term care services may vary across states, but the fundamental considerations include an assessment of the applicant's medical and nursing needs, mental and physical impairments, and ability to carry out ADLs and IADLs (Stone, 2002) . The typical list of ADLs includes bathing, dressing, eating, getting around inside the home (or walking across a room), toileting, and transferring (from a bed to a chair). IADLs refer to tasks necessary for independent community living such as shopping, light housework, telephoning, money management, and meal preparation. Most other developed countries have similar public health assessments for residential care. In Australia, for instance, individuals are assessed and approved for residential care by an Aged Care Assessment Team (made up of local doctors, nurses, and social workers) before they may be admitted to Government-subsidized care facilities. A similar approach is taken in Japan (Mitchell et al., 2008) .
Aside from public funding sources, an institutionalized individual with a private LTC insurance policy may also seek reimbursement when needing care. In general, LTC insurance benefits in the U.S. are only "triggered" when a person needs substantial assistance in performing at least two of six ADLs and the assistance is expected to last at least 90 days, or requires substantial supervision resulting from a severe cognitive impairment (Wiener et al., 2000) . These health-related "benefit triggers" are put in place by insurers partly to differentiate between long-term versus short-term care, and partly to help control their costs.
In sum, while there is no unique criterion used in determining who is eligible for nursing home admittance, most institutionalized individuals are those who meet the "benefit triggers" of having two-plus or three-plus ADL disabilities. An assessment of ADL disabilities thus helps anticipate the level of care needed for individuals across their life course, and it also provides a widely-used and reasonable gauge of the risk of nursing home admittance.
Measuring the Prevalence of ADL Disability among Older Adults
To evaluate the extent of ADLs in the older population, and the links to nursing home care, we use the most recent data available from the U.S. Health and Retirement Study (HRS). This is a panel study of older adults (age 50+) who have been interviewed every two years from baseline. It offers a rich source of information on respondents' economic status, physical and mental health, retirement, cognition, pensions, and family structure. Older waves of HRS data were used in prior research to analyze health and functioning including ADL disabilities among older adults (Soldo et al., 2007 , Weir, 2007 , Freedman et al., 2011 The HRS periodically adds new birth cohorts of survey participants (and their spouses) to "refresh" the sample of people over the age of 50s. For the present study we use five birth cohorts interviewed in 2010, as follows: In all cases, respondents had to be living in the community when they were first interviewed at baseline; thereafter they were followed into nursing homes and other residential settings. Dates of death were obtained from governmental Vital Statistics sources, when relevant.
The HRS asks about several types of activity limitations in the baseline interview as well as thereafter, covering physical functional impairments (with questions on strength, mobility, and fine motor skills), as well as ADL and IADL disabilities. The six basic ADLs assessed in the survey include dressing, walking, bathing, eating, transferring in/out of bed, and toileting. We define ADL disability in the present paper as having difficulty with any of these activities. 7
Specifically, respondents are asked whether they have difficulty with ADLs in the following manner:
Here are a few more everyday activities. Please tell me if you have any difficulty with these because of a physical, mental, emotional or memory problem. Again exclude any difficulties you expect to last less than three months. Because of a health or memory problem do you have any difficulty with [ADL]?, where [ADL] refers to six different activities, namely dressing, including putting on socks and shoes; walking across a room; bathing or showering; eating, such as cutting up your food; getting in and out of bed; and using the toilet, including getting up and down.
If the person responds 'yes', 'can't do', and 'don't do' to each of these six questions, we coded him as having a disability. 8 It is worth noting that the specific wording of the ADL question, number of activities assessed, and response collection, has been consistent only from wave 1998 onwards.
Consequently, we exclude waves 1992 and 1994 (for the HRS birth cohort) since the question wording was quite different and the toileting ADL was not evaluated. We include waves 1993, 1995, and 1996 in our analysis since the ADL question wording is almost identical to that of wave 1998. 9
Since 1995, HRS has collected information about whether the respondent resided in a nursing home or other health care facility at the time of the interview. Other health facilities include those which provide all of the following services for its residents: dispensing of medication, 24-hour nursing assistance and supervision, personal assistance, meals, and room. This residence status is noted by the interviewers, but where necessary, respondents are asked: 8 See HRS (2004) and Freedman et al. (2011) . Wave-specific responses from waves 1993/1994 through 2010 are obtained from the RAND HRS data. RAND recoded ADL responses in earlier waves to ensure consistency across waves. Responses such as 'refuse to answer' or 'don't know' are classified as invalid responses (on average only 0.3% per wave). 9 The HRS implemented a new set of skip patterns in the ADL question sequence from wave 1998 on, whereby respondents could "skip" the ADL questions if responses to preceding (screening) questions on strength, mobility, and fine motor skills suggest that they are high-functioning individuals (HRS, 2004) . Respondents could also "skip" the ADL questions if they reported at most one problem in the screening questions and had no difficulty with the dressing ADL. In contrast, ADL questions were universally asked in waves 1993 and 1996. A subset of the skip patterns was implemented in wave 1995. To examine whether the ADL responses in these three waves are comparable to those of later waves, we conducted a separate robustness analysis by retrospectively applying the wave 1998 ADL screening technique to the earlier waves, and assessing whether the ADL responses change significantly. We find no substantive differences between the original and retrospectively-screened ADL responses for these waves, mainly because the bulk of those who had no difficulties with the strength, mobility, and fine motor skills tasks also reported no difficulties with all of the ADLs. This is consistent with HRS' documentation for the 1995 interview, that almost all respondents who could perform the physical functioning tasks in that wave could also perform the ADLs (HRS, 2004) . Accordingly, we rely on the original ADL responses in the three identified waves since they are broadly comparable with later waves' responses.
"Are you living in a nursing home or other health care facility?" We use the first instance of a positive response as an indicator of nursing home admission (i.e. long-term, continuous nursing home stays), provided stays in the nursing home lasted for 30 consecutive days or more. To evaluate length of stay, we rely on a combination of interview dates, nursing home residence status in adjacent waves, and where available, self-reports on the month and year that the respondent moved to the nursing home. Responses to separate questions on short-term, overnight nursing home stays are not used.
Analytic Approach
To examine how the prevalence of ADL disabilities varies over the lifecourse for older individuals, we graph three outcomes by years of age: any ADL, two-plus ADLs, and three-plus ADLs. All five birth cohorts are used, first on a cross-sectional basis, and then on a longitudinal basis. For the cross-sectional analysis, we select the latest interview wave (i.e. wave 2010) and present age-specific prevalence rates for five-year age groups (55-59, 60-64, 65-69, and so on to 100+). Only data points containing valid responses for all six ADL tasks are used, since it is necessary to tally the number of ADL disabilities for each observation. Non-respondents in each wave, and cases with incomplete ADL information, are excluded from both the numerator and denominator when calculating prevalence rates. 10 Given that the community-based population is likely to be less severely disabled than the institutionalized population, we present additional graphs for the community-based population only. The wave 2010 cross-sectional sample comprises a total of 14,404 subjects, of which 13,950 are community-based. 10 Our procedure departs from Freedman et al. (2004) where cases with missing ADL information were included in the denominator but excluded from the numerator. The maximum possible sample per wave is made up of survey participants who are alive and non-attrited. In each wave, there is a small proportion which does not respond (ranging from 1.1 to 13.6% per wave); among those who do respond, a handful of participants provide invalid responses (ranging from 17 to 139 per wave, and on average only 0.3% per wave).
For the longitudinal analysis, we use HRS waves 1993 through 2010. Respondents with complete data on all six ADLs in any one wave are pooled and then sorted into the five-year age groups. The sample of older adults observed over the 10 waves comprises 27,994 individuals (ranging from 6,395 to 20,412 per wave). 11 Graphs are presented for the total sample as well as for the community-based subsample. To test for age and sex differences in ADL disability prevalence, we also fit binary logistic regression models that control for age, age-squared, sex, interactions of the age variables with sex, and birth cohort dummies. Regressions are performed separately for each outcome (any, two-plus, and three-plus ADL disabilities). The cross-sectional and longitudinal samples are unweighted to accommodate institutionalized individuals (who are assigned zero weights post-institutionalization in the survey waves).
Results: Prevalence of ADL Disability
Cross-sectional results appear in Figure 1 , which shows the prevalence of ADL disabilities (any, two-plus, and three-plus) for the cross-sectional sample of HRS survey respondents of different ages. Fewer than 10 females (and no males) are observed above age 100.
Panel A shows that less than one-third of individuals has any difficulty with ADL functions below age 80, regardless of sex. This percentage increases sharply after age 80. Conditional on surviving to age 90, almost three-fifths of all females (and half of all males) have at least one ADL disability. A smaller proportion of males suffer from ADL disabilities than females at advanced ages, possibly because those males who manage to survive to very old ages tend to be the hardier ones. In contrast, females have longer life expectancies, so those who reach age 90 are not necessarily healthier.
[ Figure 1 here] Panels B and C of Figure 1 are of particular interest since these represent the proportion of the sample that would likely require nursing home care and for LTC coverage, depending on the "benefit trigger" criterion used by insurers. Under a two-plus criterion, about 15 to 19 percent of individuals aged 80-85 are estimated to need and qualify for subsidized nursing home care. In comparison, only approximately 9 to 12 percent of individuals would qualify based on the stricter three-plus criterion. The prevalence levels of two-plus ADL disabilities changes most dramatically beyond age 90 for females (and age 85 for males), which suggests that substantial proportions of individuals qualify for subsidized nursing home care quite late in their lives. For females who survive to ages 95-99, approximately two-thirds (67%) will be eligible for LTC based on a two-plus ADL criterion; one-third of same-aged males will be eligible. Imposing a stricter three-plus criterion for the same age group does not change the proportion of eligible males substantively, but it does reduce the proportion of eligible females to around half (52%).
If the institutional individuals are removed from the cross-sectional sample, prevalence at each age group decreases by roughly 0.03 percentage points (for each outcome). Nonetheless, the overall trends in ADL disability prevalence over the life course by sex are broadly similar to those of the total sample. Prevalence of functional disabilities among a purely community-based population has been investigated in earlier studies. For instance, using the HRS 2008 wave, Freedman et al. (2011) report that the prevalence of any ADL disabilities was 14.4% (among the age 65-74), 22.9% (age 75-84), and 41.9% (age 85+). Here, using a slightly older sample, our estimated age-specific prevalence rates for narrower age groups are 15.5% (averaging the 65-69 and 70-74 age groups), 24.0% (average for those 75-79 and 80-84), and 48.2% (for ages 85+), and thus broadly consistent.
Turning to the longitudinal analysis, Figure 2 portrays the pattern of ADL prevalence for the HRS survey respondents pooled over all waves and age groups; these graphs are much smoother due to the larger sample size. Moreover Figure 2 starts at with the 50-54 age group, and we have a larger sample size for advanced ages (e.g. more than a hundred observations for the 100+ age group) compared to Figure 1 . 12 Regardless of the outcome measured (any, two-plus, or three-plus ADL disabilities), smaller proportions of males suffer from ADL disabilities than females for most ages. We also conclude that an average older male can likely spend his retirement years without much worry of being inflicted with ADL disability levels that trigger nursing home use. At ages 75 and below, prevalence rates of two-plus disabilities are below 10%.
Between ages 75-85, at most 10 to 15% of males have two-plus disabilities. The life expectancy at birth for males is only 75.4 years of age, while that for a male surviving to age 75 is 85.6 (NCHS, 2011).
[ Figure 2 here] The longitudinal picture is less rosy for females. At ages below 75, the prevalence of two-plus disabilities among females is actually low and very similar to that of males. Prevalence levels, however, start to diverge between the sexes past age 75. Specifically, the overall rate of increase in prevalence level of two-plus disabilities between ages 75 and 85 is larger for females than for males. By age 85, almost 20% of females have two or more disabilities. Women are also more likely to live past 85 to advanced ages; the life expectancy for a female conditional on surviving to age 75 is age 87.5 (NCHS, 2011) . Consequently, about 30% of females in the 85-89 age group are estimated to need and qualify for subsidized nursing home care (compared to 22% of males). The steepest increase in prevalence levels for women occurs between ages 80-89. This 12 Observations in the age group 50-54 are from the War Baby and Earlier Baby Boomers birth cohorts. Our sample excludes the 1992 and 1994 waves of the HRS birth cohort; see text.
has implications for nursing home use and funding for long-term care. Beyond age 75, women tend to require more nursing home resources and funding than men because they live longer and also because the debilitating condition of two or more ADL disabilities spreads more rapidly among older females than older males for the 75-95 age range.
Next we use binary logistic regressions to examine the relationship between ADL disability and age, sex, and cohort. In Equation (1), refers to the probability that the th survey respondent has difficulty with at least one out of six ADL tasks as of time : * * ,
where the dependent variable takes a value of 1 if the respondent has one or more ADL disabilities, and 0 otherwise. In our longitudinal sample comprising both community-based and institutionalized individuals, the mean (unweighted) value of is 19.5%. The five birth cohort dummies are namely, AHEAD, CODA, HRS (ref.), WB, and EBB, as described previously. The cohort dummy takes on a value of 1 if the respondent belongs to a particular birth cohort, 0 otherwise. Separate regressions are also performed for two other outcome variables, namely 'having two-plus ADL disabilities' (mean value of observed outcomes is 11%), and 'having three-plus ADL disabilities' (mean value of observed outcomes is 7%).
Results of the logistic regressions for each of the three outcomes appear in Table 1 . First, we see that age and age-squared have strong and statistically significant effects on all three outcomes ( < .01). The positive coefficient on age-squared confirms a significant curvilinear effect of age, as noted in our preliminary plots and also in previous studies on disability (e.g. Warner and Brown, 2011) . 13 Second, the sex and the sex-age interaction terms have significant impacts on having 'any disabilities' and 'two-plus disabilities' but surprisingly, not on 'threeplus disabilities'. This indicates that while elderly women are more likely than men to experience lower levels of ADL disabilities, they are about equally prone to severe levels of ADL disabilities. Also, the effect of being older is substantively different for females for any and twoplus disabilities outcomes since the interactions are significant in addition to the sum of the individual effects. Interestingly, respondents from both the AHEAD and CODA birth cohorts are less likely to suffer from ADL disabilities than the reference HRS cohort. This may be due to the fact that the former was likely to be a select group of elderly adults with above-average health;
they were around age 70 or older at their first interview, and were not institutionalized initially.
Of less importance is the significant coefficient for the EBB cohort dummy in the last column;
this may be due to small sample sizes (only a tiny percentage of this youngest cohort is observed with three or more ADL disabilities).
[ Table 1 here]
Overall, the results in Table 1 highlight that age has the strongest relationship with ADL disabilities regardless of severity. Figure 3 (Panel A) illustrates the predicted probabilities by sex for the two-plus disabilities outcome. The solid line shows the risk of having two or more ADL disabilities at different points of the life course for males, and the dashed line reflects the risk for females. Not surprisingly, the hazard increases with age, and the impact of aging by one year is larger for women than men. Specifically, the probability of having two-plus ADL disabilities is estimated to increase on average by 12.3% per year for females, and 9.0% per year for males (these percentages are the computed average marginal effects). In conjunction, Panel B of Figure  3 displays the predicted probabilities for three-plus ADLs. Here again, the risk increases with age but at a smaller rate of change than for the two-plus outcome. In addition, the figure shows much narrower differences in probabilities between the sexes: for females, the probability of having three-plus ADL disabilities is estimated to increase on average by 7.9% per year versus 5.7% for males.
[ Figure 3 here]
Our results have implications for the design of ADL criteria in LTC insurance policies. If an insurer were to adopt a two-plus ADL disabilities criterion, this policy will be significantly more likely to pay for women's LTC care than for men, especially for those policyholders who survive beyond age 80. On the other hand, a stricter three-plus criterion would make the allocation of resources more equal by sex, since there are no significant sex differentials at more severe ADL disability levels (conditional on survival). Finding no sex differential for the threeplus disabilities outcome, while finding them for lesser disability levels, rejects the notion that elderly women may be systematically more disadvantaged than men because they tend to assess their own health less positively than men (c.f. Hall and Channing, 1990; Arber and Ginn, 1993 [ Figure 4 here]
Our results are fairly comparable to those of earlier studies, allowing for the fact that survey datasets may slightly differ in terms of their inventories of ADLs and the manner of (Dunlop et al., 1997; Jagger et al., 2001; Kingston et al., 2012) .
A Competing Risk Framework
To estimate more thoroughly how ADL disabilities influence older persons' risk of entering a nursing home, we use a duration-based hazard model.
Model
Our goal is to estimate the risk of admission from the community to a nursing home, and those who do enter nursing homes: the risk of death. This model accounts for the competing risk 14 In Figure 4 , the dressing ADL curve lies above those of the other five ADLs over a substantial range of ages for both sexes. The higher observed prevalence of dressing ADL in our sample -which is not noted in prior literaturecould be partly attributable to the HRS screening procedure for the ADL question sequence. Specifically starting from wave 1998, respondents who reported one difficulty in the screening questions (on strength, mobility, and fine motor skills) are asked whether they have difficulty with dressing. Those who answered that they had no difficulty with dressing could "skip" the rest of the ADL questions. Thus in this way, more respondents are assessed on their dressing ADL as compared to other ADLs. of mortality, that is, the risk that individuals may die before experiencing a transition from the community to the nursing home facility. All initially community-dwelling individuals are assumed to be continually at risk of entering a nursing home until death. HRS respondents who did not enter a nursing home, attrite, or die before the end of the survey period are treated as censored.
The analysis focuses on the subset of survey respondents who were alive, living in the community, and responded to the 1998 HRS survey (which here we term the reference point or baseline). This group includes a mix of respondents from the first four birth cohorts (and it excludes the EBB birth cohort first interviewed in 2004, as described above). We also omit persons for whom vital status information was incomplete, or who gave invalid ADL responses at the baseline interview, or who were long-term nursing home users (previously interviewed in a nursing home or other health care facility) prior to 1998. Accordingly, the analytical sample consisted of 19,952 older adults, with 41% from the HRS birth cohort, 25% from AHEAD, 19% from CODA, and 15% from WB. Further descriptive statistics for the sample appear in Appendix 1.
Three distinct states are defined in the model: living in the community ('state '), living in a nursing home at the time of interview ('state '), and death ('state '). Figure 5 , Panel A illustrates these states and the associated transitions. Consistent with prior literature (e.g. Liu et al., 1994) , we assume that the timing of exit from starting state to state is statistically independent from the timing of death (i.e. exit to state ). In other words, deaths are assumed to be occurring randomly and their occurrences are unrelated to the reason for transition from the community into a nursing home or health care facility. Hazard functions can then be estimated separately and the problem of "competing risk" in the estimation is handled as right-censoring (Kalbfleisch and Prentice, 1980) . We observe that only a very small proportion of the sample (or 0.6%) exhibit recovery, that is, transit from nursing homes back to the community. As such, for simplicity, we assume that living in a nursing home is persistent after entry.
[ Figure 5 here] Panel B of Figure 5 depicts possible patterns of transition for these 19,952 initially community-dwelling individuals. In the diagram, representative individuals are labeled A to D;
the percentage of the sample that each individual represents is shown at the right of the diagram.
Person A represents a person who remains in the community and is not reported to be living in a nursing home from 1998 until his last interview; 61% of the sample falls in this category. Their length-of-stay in the community will be right-censored at the point that they permanently attrite from the study, or by the 2010 interview (the end of the observation period). 15 The hazard function is the instantaneous rate of experiencing a given event (e.g. the transition from state C to N) at time . Following Kalbfleisch and Prentice (1980) and Liu et al. (1994) , the hazard function in the presence of competing risks is expressed as:
In Equation (2) the hazard rate for death in the nursing home.
We examine two configurations of functional disabilities in the ADL set. First, we count each individual's number of ADL disabilities. This is informative since many LTC policy benefit triggers use a count of disabilities. Also some prior studies examining the risk of nursing home placement have modeled ADL limitations by count, either as a scale variable (e.g. ranging from 0 to 6) or as categorical variables (e.g. <2 and ≥2 disabilities). To this end, we create a total of seven dummy variables corresponding to 0 disability (ref.), 1 disability, 2 disabilities, and so on.
A second configuration disaggregates and tests separately each of the six disability types.
This follows from our conjecture that certain disabilities may be more important in driving the demand for nursing home care. Furthermore, not all the six activities may necessitate skilled, formal, trained nursing care provided in nursing homes. For instance, difficulty with walking may be eased considerably through the use of aids like a walker, cane, or rails, but it may be hard to bathe independently even with grab bars. Another aim is to assess whether those activities which individuals first lose functional capacity in and most prevalent at older ages, specifically bathing and walking, are also those which are most predictive of nursing home use.
The analysis also controls on other independent variables previously shown to be risk factors for nursing home admission among U.S. older adults (Liu et al., 1994; Friedman et al., 2005; Akamigbo and Wolinsky, 2006) . These include predisposing characteristics (age, sex, and race), enabling factors (marital status, and coverage by long-term care insurance), and need (ever-have chronic conditions, and cognitive status). All regressions are weighted using baseline individual-level weights. [ Table 2 here]
Results: Number of ADL Disabilities
A different way to look at the risk of nursing home entry allows for the number of disabilities to vary with time instead of being fixed at baseline. The rightmost columns of Table   2 show that individuals with exactly five disabilities at any point in time are most at risk of entering a nursing home over the 12-years observation span. They are almost eight times more likely to enter a nursing home than abled individuals. Interestingly, they face even higher admission risk than those persons having all six disabilities. Another at-risk group is the set of individuals with exactly three disabilities, who face greater admission risk than those with exactly four disabilities at all time periods.
This finding highlights the nature of competing risks: a more severely disabled group is apt to be at high risk of dying as well as entering nursing homes in a prospective time period.
Also, given that we allow for time-varying disabilities, observations of persons with six disabilities probably accrue from the already-institutionalized (i.e. no longer at-risk of admission). 16 Another takeaway from the results is that specifying a three-plus ADL criterion in long-term care insurance policies is quite stringent. In fact, under this stricter criterion, individuals having three ADL restrictions would be almost as disabled those with four or six disabilities. In other words, a combined count of ADL disabilities is useful in predicting nursing home admittance, but it does not distinguish between the six disability types -an issue to we turn next.
Results: Types of ADL Disabilities
In Table 3 , we enter each of the six ADL disabilities as separate variables in the hazard rate equations. Results for the three hazard functions of interest include the hazard of exiting the community to a nursing home (column 1) or to death (column 2); and the hazard of exiting a nursing home to death (column 3). Focusing first on the ADL disabilities and comparing across columns, it is apparent from the table that difficulty with bathing is the single most important ADL disability driving nursing home admission. Specifically, column 1 indicates that individuals with difficulty with bathing face 82% higher admission risk ( <.01) than those without such difficulty. Furthermore, difficulty with bathing is a strong predictor of mortality among both community-dwellers as well as nursing homes residents. For instance, nursing home residents with difficulty with showering are 31% more likely to die than those without such difficulty (see column 3; <.05). The relative importance of bathing disability can be partly rationalized by it requiring more human assistance than the other basic tasks of everyday life. For example Wiener and Clark (1990) found that higher proportions of adults age 65+ (whether institutionalized or not) required personal help more in bathing than in other activities. 17 Medical studies also suggests that adults who need assistance with bathing find the activity to be both physically and emotionally demanding due to pain, anxiety resulting from being naked in front of strangers, being afraid of falling, and discomfort from cold or drafty bathing areas or harsh water spray (Rader et al., 2006) .
[ Table 3 here] Table 3 also demonstrates that walking and eating disabilities are associated with a 25% significantly higher risk of nursing home entry among the community residents (see Column 1).
Four of the ADL disabilities (dressing, walking, bathing, and eating) are predictive of death in the community, and associated with relatively large effects. For example, reporting difficulty with walking or eating increases the risk of death by about 50%. In contrast, only bathing and eating are predictive of death in nursing homes and associated with smaller increases in risk (16-31%). Transferring and toileting disabilities are not significant in any of the regressions.
One conclusion from these results is that individuals with the walk, bathe, and eat disabilities have higher risks of entering nursing homes, and they are also more likely to die before even being admitted. Another conclusion is that the ADL risk factors most predictive of nursing home admission and time from admission till death -namely, bathing and eating -are not necessarily activities in which individuals first lose functional capacity based on the known hierarchy of disabilities. In particular, eating is typically ranked as the last activity with which older adults have difficulty, yet it is a disability type (other than bathing) that significantly predicts transition from community to nursing homes, and ultimately death.
Consistent with findings from prior research, many of the demographic variables in the regression are significantly associated with nursing home admission. For example, being older, white, non-married, and a lower cognitive score, are associated with higher risk of exit from the community to nursing home. Individuals with a history of chronic conditions such as diabetes, stroke, or major psychiatric illness are also more at-risk of entering nursing homes eventually.
Like Liu et al. (1994) , we find that sex is not a significant predictor of nursing home admission.
Having LTC insurance is also not predictive of nursing home admission. 18 Overall, the selected covariates explain much of the variation in nursing home admission among the communitydwellers (adjusted = 84.8%).
Turning attention to death hazards, males have a higher mortality risk regardless of whether they are in the community or institutionalized. Being older, non-married, having chronic conditions (lung disease and cancer), and a lower cognitive score, are all associated with higher mortality hazards and thus shorter duration in the community (column 2). In contrast, a smaller set of factors is predictive of deaths among nursing home residents (column 3). The overall adjusted is low (14%). Accordingly, two observations are worth highlighting. First, while ADL disabilities are extremely predictive of the risk of nursing home admissions, they lack explanatory power with regard to mortality hazards among nursing home residents (as well as duration in a nursing home arthritis), are more likely to have a bathing disability. The finding that arthritis is a significant risk factor is consistent with Rader et al. (2006) who note that many experiencing pain during bathing have a history of arthritis, osteoporosis, or joint pain. People with difficulty with bathing also are more likely to be nonwhite, lack LTC insurance, smoked before, have lower cognitive scores, and assess their own health as 'poor' or 'fair'.
[ Table 4 here]
Conclusions
This paper has examined how disabilities in activities of daily living relate to the risk of nursing home admission over the life course of older adults. One conclusion is that at age 75 and below, the prevalence of two-plus ADL disabilities is relatively low and similar between men and women. But beyond age 75, prevalence levels of disabilities start to diverge between the sexes. Women ultimately need more nursing home resources than men, because they live longer and also because the prevalence of two-plus ADL disabilities rises more rapidly among females than for men beyond age 75. Moreover, the negative impact of aging on ADLs is larger for women than men. Our multivariate estimates suggest that the probability of having two-plus ADL disabilities rises by 12.3% per year for females, and 9% per year for males, after age 50.
Men and women look more similar if a stricter three-plus ADL criterion is used, suggesting that LTC costs would be shared more equally between the sexes by the latter metric.
We also show that three-fifths of all surviving 65-year old male retirees and three-fourths of all surviving 65-year old female retirees will experience disability levels which could trigger nursing home use over their remaining lifetimes. Specifically, conditional on living to age 65, the lifetime probability of ever having two-plus and three-plus ADL disabilities is 71.4% and 59.5% respectively for men, and 83.7% and 74.9% for women. Moreover, not all reported ADLs are equivalent in terms of predicting the need for long term care. We show that the three most prevalent disabilities are bathing, dressing, and walking, for older adults age 75+. By contrast, needing help with eating is the least prevalent ADL limitation. In a competing risk hazard framework, having more baseline ADL disabilities is associated with greater risk of eventual nursing home entry. When we allow for time-varying number of disabilities, people with five disabilities at any point in time are most at risk of entering a nursing home (those more severely disabled, say with six disabilities, are apt to be at higher risk of dying in any given time period).
Additionally, certain disability types -namely, ADLs for bathing and eating -prove to be more important than others in explaining nursing home admittance and duration in nursing homes.
Difficulty with bathing is the single most important ADL disability driving nursing home admission and mortality. People having difficulty with bathing face 82% higher admission risk than those without; this may be because bathing requires more human assistance and is a more physically and emotionally demanding task than other basic activities of daily living. And last, we show that people reporting the walk, bathe, and eat disabilities have higher risks of entering nursing homes, but they are also more likely to die prior to admission. Also, the ADL risk factors most predictive of nursing home admission and time from admission till death -namely, bathing and eating -are not necessarily activities in which individuals first lose functional capacity based on the known hierarchy of disabilities.
In sum, these findings should be of interest to private and public insurers concerned with the design of benefit triggers used in long-term care insurance programs. Clearly ADL disabilities are extremely predictive of the risk of nursing home admissions. On the other hand, they do not have much explanatory power with regards to mortality hazards among nursing home residents. 
B. Three-plus ADLs
Notes: The dotted lines alongside the curves show the 95% confidence intervals. Predicted probabilities are obtained from the logistic regression, where the dependent variable takes a value of 1 if the respondent has two or more ADL disabilities, 0 otherwise. Explanatory variables include age, age-squared, female, cohort dummies, and age-sex interaction terms; see text.
27,994 subjects pooled from ten interview waves. Source: Authors' calculations. 
A. Males

B. Females
Notes: This Figure shows the proportions of males and females with each type of ADL limitation, by age group.
27,994 subjects pooled from ten interview waves (ranging from 6,395 to 20,412 per wave). Only data points containing valid responses for all six ADL tasks are used, in order to tally the number of ADL disabilities for each observation. Non-respondents in each wave, and cases with incomplete ADL information, are excluded from both the numerator and denominator when calculating prevalence rate; see text. Source: Authors' calculations. * p<0.10, ** p<0.05, *** p<0.01. Notes: 27,994 subjects pooled from ten interview waves (ranging from 6,395 to 20,412 per wave). Logistic regressions with clustering for individual-level heteroskedasticity. No weights are applied. The observed means for one-plus, two-plus and three-plus disabilities are 19.5%, 11%, and 7% respectively. Source: Authors' calculations. * p<0.10, ** p<0.05, *** p<0.01. Notes: 27,994 subjects pooled from ten interview waves (ranging from 6,395 to 20,412 per wave). Logistic regression with clustering for individual-level heteroskedasticity. No weights are applied. The flags for missings for cognition, stroke, self-reported health included are significant. The flags for missings for nonwhite, married, longterm care insurance, smoking, drinking, and the rest of the ever-have chronic conditions included in the regressions are not significant. Source: Authors' calculations.
Appendix 1: Descriptive Statistics
Descriptive statistics are for covariates defined at 1998 baseline and used in the competing risk hazard regression analysis. Means with standard deviations are shown for all variables. Percentages are shown for dichotomous variables. = 19,952 respondents. 
